1. Introduction
===============

Taiwan, South Korea, India, and the People\'s Republic of China (PRC) are four Asian countries that have opened their markets to Qualified Foreign Institutional Investor (QFII). Thus, foreign investors play a crucial role in Asian stock markets. In spite of this, few studies have identified the correlation that exists between foreign investment and stock returns. [@bib9] and [@bib15] studied the influence of foreign investors on the South Korean stock market over a brief period, i.e. from 2 December 1996 to 27 December 1997,[1](#fn1){ref-type="fn"} during the Asian financial crisis, but no consistent conclusions were reached. [@bib12] carried out similar studies for the 1974--1992 and, despite the longer time span, failed to yet again identify the effect of foreign investors. When compared to the cases of South Korea and Japan, fewer studies have been made to study the case of Taiwan.

Foreign investors were first introduced to Taiwan in 1983, and subsequent key milestones included the establishment of the QFII in 1991, the inclusion of the Taiwan Stock Exchange (TSE) index as one of the emergent market indexes by Morgan Stanley Capital International (MSCI) in 1996, and the relaxation of restrictions on QFII investors in 2003. [Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"} indicate that the share of stocks held by foreign investors and the total market value of foreign investors has increased along with the gradual relaxation of foreign trading limits. [@bib14] suggests the increased importance of foreign volume as an information variable; therefore, foreign investors are regarded as the market leaders, so that foreign trading behavior often has a significant influence on emerging stock markets, as in the case of foreign investors in the Thai stock market during the Asian financial crisis in 1997. From the government\'s point of view, the introduction of foreign investors is aimed at stabilizing the domestic stock market. However, the trading behavior of foreign investors can sometimes be unreasonable, i.e. they might engage in positive feedback trading by buying stocks as stock prices increase and selling as prices fall, thus giving rise to huge volatilities in the emerging stock markets. Furthermore, this study purposes to understand whether the trading behavior of foreign investors impact on volatility of Taiwanese stock market.Fig. 1Share of foreign investment in TSE (%).Fig. 2Market value of foreign investment (NTD millions).

In order to ascertain the role and function of foreign investors, this study investigates whether foreign investors cause volatility in Taiwan\'s stock market. Theoretically, the relaxation of the limits on foreign investment should enlarge and stabilize the stock market scale, helping both strengthen the local stock market and enhancing market efficiency. However, it is frequently claimed that large capital flows associated with foreign investors often give rise to significant stock price and exchange rate volatility and thus lead to abnormal price fluctuations. [@bib21], [@bib16], [@bib22], [@bib4], [@bib5], and [@bib26] all concluded that the trading behavior of foreign investors was often the cause of stock market instability. Besides, positive feedback trading and trading on the part of a herd of foreign investors often gives rise to increased stock market volatility as asset prices become detached from their fundamentals, as proposed by [@bib10]. Although positive feedback trading on the part of foreign investors occurs frequently, no consistent conclusion has been reached in determining whether foreign investors play a dominant role in stock market volatility. [@bib9] and [@bib15] found that foreign investors exhibit a tendency to buy when prices increase and to sell when prices fall in South Korea, but they did not prove that this tendency was the main cause of the stock market volatility. [@bib1], [@bib17], [@bib23], [@bib24], Bohn and Tesar (1995), [@bib6], [@bib9], [@bib11], and [@bib12] all concluded that foreign investors were not the main cause of stock market instability. [@bib25] indicated the relationship between trading of foreign investor is often negatively related to volatility in Indonesia and Thailand. Hence, the cause--effect relationship between foreign investors and stock return volatility is not clear from previous studies, and it is this that provides the motivation for this study.

Most of the earlier studies claimed that foreign trading behavior had only a linear impact on Taiwan\'s stock market and [@bib13] and [@bib8] indicated that the potential source of jumps innovation to returns result from the impacts of various unexpected shocks, such as the announcements of earnings, market crashes, political issues and financial crisis. For this reason, this study has adopted the structural change model proposed by [@bib2] to verify whether there exist structural changes in terms of Taiwan\'s foreign investors' trading behavior. Besides, this study has investigated the impact of the expected and unexpected trading behavior of foreign investors obtained via ARMA model on return volatilities and has also pinpointed crucial events that influence the stock market via GARCH model with autoregressive conditional jump intensity (GARCH--ARJI) during structural change periods.

We contribute to the literature in various ways. First, we discover two structural change points in relation to the net purchases of foreign investors in Taiwan. Second, we investigate the impact of the expected and unexpected trading behavior of foreign investors on Taiwan\'s stock return volatility based on these two switching points and the corresponding three sub-periods. Third, we find that political shocks influence Taiwan\'s stock market. Thus, we believe that our approach is methodologically solid and appropriate for providing a better understanding of the effects of foreign investment on the Taiwanese stock market.

This remainder of this paper is organized as follows. Section [2](#sec1){ref-type="sec"} describes the data and methodology. This is followed by Section [3](#sec2){ref-type="sec"} that presents the empirical results. Finally, Section [4](#sec3){ref-type="sec"} summarizes the key results and presents the conclusions.

2. Data and methodology {#sec1}
=======================

2.1. Data
---------

The sample period runs from 1 August 1995 to 31 December 2005. Daily TAIEX transactions data are collected and transformed into daily returns, yielding 2610 observations.[2](#fn2){ref-type="fn"} Both the daily TAIEX index and the net purchases of foreign investors are obtained from the *Taiwan Economic Journal* (TEJ) database.

2.2. Methodology
----------------

This study follows the autoregressive conditional jump intensity model by [@bib7], which postulates that the jump intensity obeys an ARMA process and incorporates the GARCH effect of returns series. Given the set of returns at time *t*  − 1 and the two stochastic innovations, *ɛ* ~1,*t*~ and *ɛ* ~2,*t*~, the time-series model of returns can be expressed as follows:$$R_{t} = \mu_{0} + \sum\limits_{i = 1}^{p}{\phi_{i}R_{t - i}} + \varepsilon_{1,t} + \varepsilon_{2.t}$$where *ɛ* ~1,*t*~ is a mean-zero innovation with a normal stochastic process, and is assumed to be$$\varepsilon_{1,t} = \sqrt{h_{t}}z_{t},\quad z_{t} \sim \text{NID}(0,1)\quad\text{and}\quad h_{t} = \omega + \sum\limits_{i = 1}^{p}{\beta_{i}h_{t - i}} + \sum\limits_{j = 1}^{q}{\alpha_{j}\varepsilon_{t - j}^{2}} + \nu\text{Eb}s_{t} + \varphi\text{UEb}s_{t}$$where *ɛ* ~2,*t*~ denotes a jump innovation assigned to be a conditional zero-mean value, and conditionally mean zero. *ɛ* ~1,*t*~ is contemporaneously independent of *ɛ* ~2,*t*~. Eb*s* ~*t*~ and UEb*s* ~*t*~ denote expected and unexpected net purchases of foreign investors, respectively.

From Eq. [(1)](#eq1){ref-type="disp-formula"} it is realized that this equation shows that the returns series includes a normal stochastic process and a jump stochastic process that is characterized by a Poisson distribution with a time-varying conditional intensity parameter, *λ* ~*t*~. The Poisson distribution with parameter *λ* ~*t*~ that is conditional upon *Ω* ~*t*−1~ is assumed to describe the arrival of a discrete number of jumps, where *n* ~*t*~  ∈ {0, 1, 2, ...} over the interval \[*t*  − 1, *t*\]. The conditional density of *n* ~*t*~ is as follows:$$\left. P(n_{t} = j \middle| \Omega_{t - 1}) = \frac{\text{e}^{- \lambda_{t}}\lambda_{t}^{j}}{j!},\quad j = 0,1,2,\ldots \right.$$

The conditional jump intensity *λ* ~*t*~ is the expected number of jumps conditional upon the information set *Ω* ~*t*−1~, which is parameterized as$$\lambda_{t} = \lambda_{0} + \rho\lambda_{t - i} + \gamma\zeta_{t - j}$$ *λ* ~*t*~ is related to the conditional jump intensity and *ζ* ~*t*−1~ which is defined as$$\left. \zeta_{t - 1} \equiv E\lbrack n_{t - 1} \middle| \Omega_{t - 1}\rbrack - \lambda_{t - 1} = \sum\limits_{j = 0}^{\infty}\left. jP(n_{t - 1} = j \middle| \Omega_{t - 1}) \right. - \lambda_{t - 1} \right.$$where *P*(*n* ~*t*−1~  =  *j*\|*Ω* ~*t*−1~), called the filter, is the ex post inference on *n* ~*t*−1~ given the information set *Ω* ~*t*−1~, and *E*\[*n* ~*t*−1~\|*Ω* ~*t*−1~\] is the ex post judgment of the expected number of jumps from *t*  − 2 to *t*  − 1 and *λ* ~*t*−1~ is the conditional expectation of *n*  − 1 given the information set *Ω* ~*t*−2~. Therefore, *ζ* ~*t*−1~ represents the change in the conditional forecast of *n* ~*t*−1~ by the econometrician as the information set is updated. From this definition, *ζ* ~*t*~ is a martingale difference sequence with respect to information set *Ω* ~*t*−1~. Therefore *E*\[*ζ* ~*t*~\] = 0 and Cov(*ζ* ~*t*~, *ζ* ~*t*−*i*~) = 0, *i*  \> 0. Consequently, the intensity residuals in a specified model should not exhibit any autocorrelation.

Hence, the GARCH--ARJI model can be rewritten as follows:$$\left. \lambda_{t} = \lambda_{0} + (\rho - \gamma)\lambda_{t - 1} + \gamma E\lbrack n_{t - j} \middle| \Omega_{t - j}\rbrack \right.$$where *λ* ~*t*~  \> 0, and *λ* ~0~  \> 0, *ρ*  ≥  *γ*, *γ*  ≥ 0.

The jump size, *π* ~*t*,*k*~, is assumed to be independently drawn from a normal distribution. The jump-size distribution is$$\pi_{t,k} \sim \text{NID}(\theta,\delta^{2})$$and the jump component influencing returns from *t*  − 1 to *t* is$$J_{t} = \sum\limits_{k = 1}^{n_{t}}\pi_{t,k}$$

Therefore, the jump innovation associated with period t is expressed as$$\left. \varepsilon_{2,t} = J_{t} - E\lbrack J_{t} \middle| \Omega_{t - 1}\rbrack = \sum\limits_{k = 1}^{n_{t}}\pi_{t,k} - \theta\lambda_{t} \right.$$

The conditional variance of returns is decomposed into two components: a smoothly developing conditional variance component related to the diffusion of past news impacts and the conditional variance component associated with the heterogeneous information arrival process which generates jumps. The conditional variance of returns is$$\left. \text{Var}(R_{t} \middle| \Omega_{t - 1}) = \text{Var}(\varepsilon_{1,t - 1} \middle| \Omega_{t - 1}) + \text{Var}(\varepsilon_{2,t - 1} \middle| \Omega_{t - 1}) = h_{t} + (\theta^{2} + \delta^{2})\lambda_{t} \right.$$

The likelihood function is constructed as follows. The conditional density of returns is normal distributed and *j* jumps are normally distributed as$$\left. f(R_{t} \middle| n_{t} = j,\Omega_{t - 1}) = {(2\pi(h_{t} + j\delta^{2}))}^{- 1/2}\,\text{exp}\left( {- \frac{\left( {R_{t} - \mu - \sum_{i = 1}^{p}{\phi_{i}R_{t - i}} + \theta\lambda_{t} - \theta j} \right)^{2}}{2(h_{t} + j\delta^{2})}} \right) \right.$$

Furthermore, [@bib19] propose and provide an ex post distribution for the number of jumps, *n* ~*t*~. The filter is contracted as$$\left. P(n_{t} = j \middle| \Omega_{t}) = \frac{\left. f(R_{t} \middle| n_{t} = j,\Omega_{t - 1})P(n_{t} = j \middle| \Omega_{t - 1}) \right.}{\left. f(R_{t} \middle| \Omega_{t - 1}) \right.} \right.$$

After integrating out all jumps during a 1-unit interval, the conditional probability density function may be expressed as$$\left. f(R_{t} \middle| \Omega_{t - 1}) = \sum\limits_{j = 0}^{\infty}\left. f(R_{t} \middle| n_{t} = j,\Omega_{t - 1})P(n_{t} = j \middle| \Omega_{t - 1}) \right. \right.$$

Therefore, the likelihood function can be expressed as$$L(\Psi) = \sum\limits_{t = 1}^{T}\left. \text{log}\, f(R_{t} \middle| \Omega_{t - 1};\Psi) \right.$$where *ψ*  = (*μ*, *ϕ* ~*i*~, *ω*, *α* ~*j*~, *β* ~*i*~, *θ*, *δ*, *λ* ~0~, *ρ*, *γ*).

3. Empirical results {#sec2}
====================

3.1. Structural change
----------------------

While the breakpoints have to be pinpointed using the Chow test, some of the change points can hardly be precisely identified in advance as the breakpoint is unknown or there is more than one breakpoint. For this reason, this study has adopted the pure structural change model proposed by [@bib2] to determine whether there exists structural change in the net purchases of foreign investors as well as the corresponding structural change periods.

[Table 1](#tbl1){ref-type="table"} reveals the results of the structural change tests for foreign trading, where the tests for Sup FT(*k*), UD max, and WD max reveal that there exist structural changes in foreign trading at the 1% significance level.[3](#fn3){ref-type="fn"} Moreover, while applying the sequential tests, e.g. Sup FT(*n*  + 1\|*n*), and the BIC tests to determine the number of breaks and break points (dates), it is found that both tests identify two break points in the net purchases of foreign investors, namely, 1168 (12 October 1998) and 2301 (12 March 2003), which can be further divided into three sub-periods, namely, 31 August 1994--12 October 1998, 13 October 1998--12 March 2003 and 13 March 2003--31 December 2005. The first period includes the introduction of the QFII system in 1991, the inclusion of the TSE index as one of the emergent market indexes in the MSCI in 1996, as well as allowing overseas Chinese and foreigners to invest in the TSE. The second period includes the gradual relaxation of the QFII limit in 2001, and the third period includes the removal of the remaining limits imposed on QFII.Table 1Structural change test for QFIIsSup FT(1)Sup FT(2)Sup FT(3)Sup FT(4)Sup FT(5)17.2815\*\*\*23.4113\*\*\*17.3866\*\*\*13.3047\*\*\*10.3359\*\*\*  UD maxWD max23.4113\*\*\*30.7398\*\*\*  Sup FT(2\|1)Sup FT(3\|2)Sup FT(4\|3)22.471\*\*\*7.35025.2666  Number of breaks chosen by BICDates of breaks 1Dates of breaks 221168 (12 October 1998)2301 (12 March 2003)[^1]

Next, the net purchases of foreign investors are further divided into those that are expected and those that are unexpected and their corresponding influences on the TSE return volatilities are analyzed during each sub-period after identifying the break points for foreign trading. The ARMA(*p*, *q*) model is utilized to divide the foreign trading behavior into that which is expected and unexpected based on the minimum of the AIC and SBC criteria, where the estimation coefficients of the ARMA(p,q) model have to be significant and the Ljung--Box *Q* statistics exhibit no serial correlation. Based on these criteria, ARMA(1, 1) is the most appropriate model[4](#fn4){ref-type="fn"} for interpreting the net purchases of foreign investors, as [Table 2](#tbl2){ref-type="table"} reveals.Table 2ARMA(1,1) model for net purchases of foreign investorsPeriods31 August 1994--12 October 199813 October 1998--12 March 200313 March 2003--31 December 2005Coefficients[a](#tbl2fn1){ref-type="table-fn"}*t* value[a](#tbl2fn1){ref-type="table-fn"}Coefficients[a](#tbl2fn1){ref-type="table-fn"}*t* value[a](#tbl2fn1){ref-type="table-fn"}Coefficients[a](#tbl2fn1){ref-type="table-fn"}*t* value[a](#tbl2fn1){ref-type="table-fn"}CONSTANT10.0870\*\*\*4183.509510.1096 \*\*\*1340.094110.1397\*\*\*382.2985AR(1)0.6850\*\*\*14.80610.7248\*\*\*18.28020.8013\*\*\*17.2068MA(1)−0.3268\*\*\*−5.4445−0.3320\*\*\*−6.1166−0.5084\*\*\*−7.6177AIC643.93942850.18442834.4122SBC659.12602865.27962848.0740*Q*(10)8.01849.145516.0762[^2][^3]

3.2. Descriptive statistics
---------------------------

[Table 3](#tbl3){ref-type="table"} presents the descriptive statistics for the full period and each sub-period for the daily returns of the TAIEX, where the averages of the stock index returns are not significantly different from 0 and where the return of the third period is positive. The second period is significantly different from 0 and is positively skewed, and the kurtosis is significantly larger than 3, implying that the stock index return has a fat tail compared with the normal distribution. The statistics of the Jarque--Bera test are all significant, indicating that the respective distributions are clearly non-normal. Furthermore, there is a return volatility clustering phenomenon on the right-hand side of [Fig. 3](#fig3){ref-type="fig"} , suggesting that large volatilities follow larger volatilities and small volatilities follow smaller volatilities.Table 3Descriptive statistics of daily returnsPeriods31 August 1994--31 December 200531 August 1994--12 October 199813 October 1998--12 March 200313 March 2003--31 December 2005Mean−0.0023−0.0011−0.04040.0589S.D.1.55271.40111.85501.2216Skewness−0.0818\*\*\*−0.2762\*\*\*0.0961\*\*\*−0.3764\*\*\*Kurtosis4.9127\*\*\*5.4936\*\*\*3.7694\*\*\*6.8437\*\*\*Jarque--Bera460.9435\*\*\*317.1843\*\*\*29.6896\*\*\*449.3506\*\*\**Q*(10)23.6991\*\*\*16.5596\*15.69197.8677*Q*^2^(10)510.2603\*\*\*142.6154\*\*\*123.0820\*\*\*127.4661\*\*\*[^4]Fig. 3Price and returns of the TSE index.

3.3. GARCH--ARJI models[5](#fn5){ref-type="fn"}
-----------------------------------------------

Both the GARCH model and the GARCH--ARJI model are appropriate based on the Ljung--Box *Q* and Ljung--Box *Q* ^2^ statistics, which exhibit no serial correlation in the standard residuals or in the squared standard residuals.[6](#fn6){ref-type="fn"} Moreover, LR statistics, AIC criteria, SC criteria, and HQC criteria are used to determine the most appropriate model from the GARCH and the GARCH--ARJI models.[7](#fn7){ref-type="fn"} Based on the significance of the LR statistics as well as the minimum AIC criteria, SC criteria, and HQC criteria in [Table 4](#tbl4){ref-type="table"} , the GARCH--ARJI model is a plausible model compared to the GARCH model. Thus, the GARCH--ARJI model is used to investigate the impact of the expected and unexpected trading behavior of foreign investors on stock return volatility during each sub-period.Table 4Model selection criteriaPeriods31 August 1994--12 October 199813 October 1998--12 March 200313 March 2003--31 December 2005GARCHARJIGARCHARJIGARCHARJI*Q*(10)12.215110.40106.40996.14773.60452.9726*Q*^2^(10)5.99203.990014.349617.716512.29653.9137AIC3.40033.30374.00633.97903.11953.0149SC3.44273.37634.05604.05363.19433.1271HQC3.41203.32384.01843.99973.14103.0471LR112.6797\*\*\*30.8666\*\*\*73.3472\*\*\*[^5]

As shown in [Table 5](#tbl5){ref-type="table"} , the estimated results of the models all meet the conditions that the parameters *ω*, *α*, and *β*, of the conditional variance equation have to be positive and that the sum of *α* and *β* has to be less than 1. The values of the persistence of the return volatility for each sub-period are 0.8324 (0.0497 + 0.7827), 0.8994 (0.0612 + 0.8793), and 0.9826 (0.0178 + 0.9648), respectively, where the stock volatility persistence in the third sub-period is the most significant.Table 5The estimated results of the ARJI modelsPeriods31 August 1994--12 October 199813 October 1998--12 March 200313 March 2003--31 December 2005Coefficients*t* valueCoefficients*t* valueCoefficients*t* value*μ*~0~−0.0355−1.1164−0.0428−1.18450.04561.2988*ϕ*~1~0.0662\*\*\*2.32520.0850\*\*\*2.77700.06121.5223*ω*10.80661.51577.5256\*\*\*380.16180.5372\*\*\*199.7274*α*0.0497\*\*\*3.76440.0612\*\*\*9.25820.0178\*\*\*3.1516*β*0.7827\*\*\*16.10240.8382\*\*\*103.08320.9648\*\*\*104.5928*ν*−1.0552−1.4927−0.7225\*\*\*−369.4269−0.0519\*\*\*−99.9221*φ*2.2250\*\*\*3.20140.47570.74960.05000.6592*θ*−1.7068\*\*\*−6.5817−1.5731\*\*\*−8.9581−0.7924\*\*\*−2.6410*δ*^2^1.0578\*\*\*2.51560.04760.15922.27361.4206*λ*~0~0.0278\*\*\*3.91450.0311\*\*\*5.05760.0159\*\*\*1.7922*ρ*0.8913\*\*\*31.81000.9200\*\*\*50.78640.9133\*\*\*11.4879*γ*0.7976\*\*\*5.66610.7992\*\*\*5.47741.03071.3898Function value−1926.0252−2250.1358−1056.7185[^6]

In addition, the jump-size mean *θ* is negative for each sub-period, namely, −1.7068, −1.5731 and −0.7924, respectively. These figures all exhibit significance at the 1% level and imply that the jump behavior incited by abnormal information tends to lead to a negative effect on return. The jump-size variance *δ* ^2^ exhibits significance in the first sub-period only at the 1% significance level, signifying that the volatility incited by abnormal information in the first sub-period tends to increase the return volatility significantly. The jump parameter (*λ* ~0~) of the stock return in every period is highly significant, implying that there exists jump behavior for the TSE return whenever there is abnormal information. Furthermore, the jump parameters *ρ* and *γ* for stock returns both exhibit significance with *p*-values equal to 0.0 except for *γ* in the third sub-period, which means that the probability of jumps incited by abnormal information will vary over time, as evidenced in [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"} . To sum up, the discontinued jump process acts as a crucial factor that influences the stock return, as suggested by the jump size and jump intensity parameters, which supports the view that unexpected events will eventually result in discontinuous jumps as proposed by [@bib18], [@bib13] and [@bib8]. In other words, previous studies focusing on investigating the effect of foreign investors on stock volatility without considering jump behavior accordingly have given rise to inconsistent or imprecise estimates.Fig. 4Time-varying jump intensities of the TSE index from 31 March 1994 to 12 October 1998.Fig. 5Time-varying jump intensities of the TSE index from 12 October 1998 to 12 March 2003.Fig. 6Time-varying jump intensities of the TSE index from 13 March 2003 to 31 December 2005.

In addition, this study also investigated the impact of the expected and unexpected net purchases of foreign investors on Taiwan\'s stock return volatility in each sub-period. This study found that the expected net purchases of foreign investors do not a significant impact on return volatility in the first sub-period and unexpected trading behaviors do not result in a significant positive impact on return volatility in the second and third periods. Possible reasons for this are that trading by foreign investors was restricted during the first period, implying expected the trading of foreign investors was not easy to detect, and thus the unexpected net purchasing behavior of foreign investors destabilized the Taiwan stock market. By contrast, expected net purchases had a negative impact on return volatility in the second and the third sub-periods and unexpected trading behavior do not impact on return volatility in second and third periods. To summarize, as foreign trading is divided into expected and unexpected behavior, the impact of expected (unexpected) foreign trading on Taiwan\'s stock return volatility increase (vanish) in the gradual relaxation of foreign trading limits. We found that a gradual relaxation of foreign trading enhances market stability.

3.4. Time-varying jump intensities and risk analyses
----------------------------------------------------

The time-varying jump intensity (*λ* ~*t*~) in the stock index returns for each sub-period are not a constant, as presented in [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"}. Finally, we arranged the events in [Table 6](#tbl6){ref-type="table"} . [Fig. 4](#fig4){ref-type="fig"} displays the jump frequency in the first period and there exist greater jumps from 2 October 1997 to 12 October 1998, mainly caused by the Asian financial crisis.[8](#fn8){ref-type="fn"} [Fig. 5](#fig5){ref-type="fig"} displays the time-varying jump intensities in the second period, there are three major jumps. First, the declaration of the Two Nations Proposition, when former President Lee declared the Two Nations Proposition on 9 July 1999, which gave rise to a large fall in share prices from 8550.27 on the day of the declaration to 6823.52 on 6 August 1999. Second, jump extends from September to October 2000 and has to do with the delay in the construction of the Fourth Nuclear Power Plant.[9](#fn9){ref-type="fn"} Third, the 911 terrorist attacks against the World Trade Center in New York occurred on 11 September 2001, and caused the stock index to fall to 4176.93. [Fig. 6](#fig6){ref-type="fig"} displays the time-varying jump intensities in the third sub-period during which there were three larger jumps. The first jump is in relation to the outbreak of SARS that occurred in March 2003.[10](#fn10){ref-type="fn"} The second jump was related to the shooting incident that took place during the 11th Presidential Election campaign in Taiwan on 19 March 2004, which caused significant social disorder. The third jump had to do with the rhetoric of the Chinese government regarding the Taiwan issue prior to the 11th Presidential Inauguration on 20 May 2004.Table 6Event for greater jumpPeriodsEvents2--12 October 1997Asian financial crisis9 July 1999President Lee declared the Two Nations PropositionSeptember--October 2000The declaration of the Two Nations Proposition1 May 2000The establishment of the Fourth Nuclear Power Plant Reevaluation Committee30 September 2000The Fourth Nuclear Power Plant to the Executive Yuan27 October 2000Premier C.S. Chang officially declared that the construction of the Fourth Nuclear Power Plant was being stopped11 September 2001911 terrorist attacksMarch 2003The outbreak of SARS19 March 2004The 11th Presidential Election campaign in Taiwan20 May 2004The Taiwan issue prior to the 11th Presidential Inauguration

[@bib13] and [@bib8] concluded that the market is easily influenced by discontinuous jumps, and [@bib18] confirmed that there exists a discontinuous jump in the TSE. By taking these findings into consideration, this study adopted the model developed by [@bib20], in which the total variance was estimated by means of *V* ~*t*~  =  *h* ~*t*~  +  *λ* ~*t*~(*θ* ^2^  +  *δ* ^2^).[11](#fn11){ref-type="fn"} The variance ratios arising in the jump process as part of the overall jump-diffusion process were used to identify the responsiveness of information.

As revealed in [Table 7](#tbl7){ref-type="table"} , the total variances, i.e. the total risk, for the three sub-periods were 2.0121, 3.4801 and 1.5068, respectively, where the level of risk in the second period is the greatest and the slump in the stock market during this period can be accounted for by the declaration of the Two Nations Proposition, the 911 Event, and the suspension of the construction of the Fourth Nuclear Power Plant, implying that Taiwan\'s stock market is influenced by political shocks. The variances arising in the jump process in each period accounted for 27.86%, 17.79% and 19.67%, respectively, of the total variance, where the risk caused in the jump process during the first period was the greatest, and may have been due to the poor market information transparency in the first period that accordingly resulted in severe market inefficiency. This study supports the view that unexpected events give rise to the discontinuous jumps proposed by [@bib18], [@bib13] and [@bib8]. Moreover, the time-varying jump intensity of stock returns proposed by [@bib7] has been confirmed in this study.Table 7Comparison of variancesPeriods31 August 1994--12 October 199813 October 1998--12 March 200313 March 2003--31 December 2005Total conditional variance2.01213.48011.5068Average proportion of the conditional variance explained by the jumps (%)27.8617.7919.67Average proportion of the conditional variance explained by the diffusion process (%)72.1482.2180.33

4. Conclusions {#sec3}
==============

This study has investigated the impact of the expected and unexpected trading behavior of foreign investors on return volatilities during structural change periods as well as also pinpointing crucial events that influence the stock market via the jump intensity model.

The empirical results reveal that the impact of the expected trading of foreign investors on Taiwan\'s stock return volatility increases in accordance with a gradual relaxation of the foreign trading limits and gives rise to a negative effect; therefore, the stabilizing effect of foreign investment on Taiwan\'s stock market has already existed in the process of gradually removing the restrictions on foreign trading. Further, we found political shocks influence Taiwan\'s stock market. For instance, the declaration of the Two Nations Proposition, the suspension of the construction of the Fourth Nuclear Power Plant, the shooting incident during the 11th Presidential Election and the political rhetoric emanating from China before the Presidential election. Thus, general investors can thus hedge via derivatives in accordance with the trading behavior of foreign investors when being impacted by political events.

Other studies associated with the Asian financial crisis may not have used the same period as that used by [@bib9].

We define the logarithmic return on time *t* as $R_{t} = (\text{ln}\, P_{t} - \text{ln}\, P_{t - 1}) \times 100$.

The Sup FT(*k*) test which is the null hypothesis of no structural break versus the alternative of a fixed number of breaks *k*. UD max test and WD max test of the null hypothesis of no structural break versus the alternative of an unknown number of breaks given some upper bound, UD max test, an equal weighted version, and WD max test. The sup FT (*l* + 1\|*l*) test, which is a sequential test of the null hypothesis of l breaks versus the alternative of *l* + 1 breaks.

To estimate the expected and unexpected values of the net purchases of foreign investors, this study estimates the ARIMA(*p*, *q*) model first, where the unexpected values are obtained by subtracting the expected values from the real values.

The Augmented Dickey Fuller, Phillips-Perron and Kwiatkowski--Phillips--Schmidt--Shin unit root tests reveal that the stock returns of the full period as well as each sub-period are all stationary. Besides, the number of jumps used in this study is 10, as proposed by [@bib3].

The output of GARCH model can be obtained from the authors.

The LR statistic tests for GARCH and GARCH--ARJI model.

The crisis started in October 1997 and caused major upheavals in the currencies of Thailand, Indonesia, Malaysia, and the Philippines. Singapore, South Korea, Taiwan, and Hong Kong were later also affected to varying degrees. The financial market in Russia collapsed from 1997 to mid-1998 and this eventually triggered a major financial crisis.

The stock index was 8777.35 on 29 April 2000. When the Minister of Economic Affairs, Mr. S.Y. Lin, declared the establishment of the Fourth Nuclear Power Plant Reevaluation Committee on 1 May 2000, Taiwan\'s stock index slumped to 8638.75 the next day. Minister Lin further submitted the Evaluation Suggestions for the Fourth Nuclear Power Plant to the Executive Yuan on 30 September 2000 and advised calling a halt to the plant\'s construction. The Taiwan stock index then slumped to 6185.14. Premier C.S. Chang officially declared that the construction of the Fourth Nuclear Power Plant was being stopped on 27 October 2000 and the stock index fell to 5805.17.

World Health Organization (WHO) announced an outbreak of the severe acute respiratory syndrome (SARS) epidemic in China, Hong Kong, and Vietnam and declared an emergency regarding traveling.

The total stock index variance for the three sub-periods was further divided into variances that arise in the jump process ($\lambda_{t}(\theta^{2} + \delta^{2})$) as well as other variances that arise in the diffusion process (*h*~*t*~).

[^1]: *Notes*: \*\*\* denote significance at the 1% level.

[^2]: *Notes*: \*\*\* denote significance at the 1% level. *Q* denote the Ljung--Box *Q* statistics.

[^3]: Parameters.

[^4]: *Notes*: \* and \*\*\* denote significance at the 10% and 1% levels, respectively. *Q* and *Q*^2^ denote the Ljung--Box *Q* and *Q*^2^ statistics, respectively.

[^5]: *Notes*: \*\*\* denote significance at the 1% level. *Q* and *Q*^2^ denote the Ljung--Box *Q* and *Q*^2^ statistics, respectively. LR denotes the likelihood ratio statistic, AIC denotes the Akaike information criterion, SC denotes the Schwarz criterion, and HQC denotes the Hannan-Quinn criterion.

[^6]: *Notes*: \*\*\* denote significance at the 1% level.
